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Abstract 
In response to the critical role that information and data play in modern society, there have been several international calls for reforms in 
statistical education at all grade levels. These have created the need for further research on the learning and teaching of statistics and 
probability, therefore the subject idea of this study has emerged as a modest attempt to investigate pupils' understanding of statistics and 
probability. 100 Pupils were given seventeen items in problem solving format concerning several basic areas of statistics and probability. 
Factor Analysis was carried out in order to determine internal consistency and to explore the structure of the relationships between the 17 items. 
The results highlighted that there are particular mathematical requirements for groups of task. These are relative quantity, descriptive 
representational graphing and the relationship between the incidence of abnormal and normal events.  
© 2010 Elsevier Ltd. 
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1. Introduction 
  
The decision to undertake this research was stimulated by the problems which faced statistics and probability (stochastics) 
educators in the Kingdom of Bahrain. Despite the importance of statistics and probability and its fundamental role in daily life, 
statistical and probability concepts do not play a major role in the mathematics curriculum in the Kingdom of Bahrain.  
 
A review of the statistics syllabus for pupils aged 12 to 16 revealed that the National Curriculum in Bahrain is confined to the 
simple techniques of data collection and description, reading and interpreting tables and graphs. There are no concepts in 
probability introduced for pupils before the 12th grade. The concepts that are taught only feature at the end of term.  
 
In Europe, Australia and United States it is quite common to find descriptive statistics and probability in many primary school 
texts today (Australian Education Council, 1994; Department for Education and Skills, 2001; Dunkels, 1992; Schools Council 
Project on Statistical Education, 1980; School Mathematics Project,1969; National Council of Teachers of Mathematics, 2000; 
Nuffield Mathematics Project,1969). With the success of these trials, it has been possible to introduce new topics in the statistics 
and probability curriculum in most secondary schools in these countries while Bahrain has not yet reached this stage.  
 
Furthermore, although teachers in the Kingdom of Bahrain explicitly express their beliefs that the current curriculum of 
stochastics does not meet their expectations and the needs of their pupils, they privately share ideas about the need to add more 
concepts to the stochastics curriculum but they lack the confidence and the initiative to propose a reform to the existing 
curriculum. This is possibly due to the lack of availability of credible data about what Bahraini pupils are able to understand or 
what they do not understand, and whether the topics are of interest to them or not. There is a need for a research framework 
based on pupils’ understanding and perceptions of statistics and probability ideas. In short, they believe that pupils’ 
understanding is the starting point for teaching this subject. In this, they are supported by Freudenthal (1973) who argued that the 
best way of teaching a topic is to relate what will be taught to what has been taught, and to what has been experienced in the real 
world.  
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There is a dearth of surveys and studies for pupils below the age of sixteen that have been conducted in the Arab world 
particularly in the Kingdom of Bahrain based on pupils’ understanding and perceptions of statistics and probability ideas. 
Research on statistics and probability has mainly been undertaken in the West. Pupils in Bahrain have a different culture and 
different experiences to pupils in the West both within the school setting and in everyday life. As Shaughnessy (1992) highlights: 
 
          “Most of the psychological research on decision-making under uncertainty has been done in a very few countries, 
principally, in the United States, Israel, the United Kingdom, and Germany.  What are the influences of culture 
on concepts of probability and statistics? Are phenomena like judgmental heuristics and misconceptions of 
probability just artifacts of western culture, or do they appear across many cultures? It would be interesting to see 
if misconceptions of stochastics and probability estimates under uncertainty vary across cultures” (p.489) 
 
The purpose of the study is to investigate pupils’ understanding of statistics and probability and to analyse the implications of the 
results of the investigation for the statistics curriculum. The specific research questions are: 
 
- What can pupils in Bahrain aged 12-16 years old do with statistics and probability? 
- In what ways do they comprehend statistics and probability material? 
- What are the effects of age, gender and mathematical ability on pupils’ understanding of statistics and probability?  
 
In order to answer these questions, it is necessary to develop ways of analyzing pupils’ understanding of statistics and probability 
concepts and level of performance on statistics and probability tasks. 
  
Piaget’s model of formal operational thinking seems to provide the answer. A large number of application studies were attempted 
during the years following the 1958 publication of ‘The Growth of Logical Thinking from Childhood to Adolescence’. Piaget 
and Inhelder undertook the earliest and most comprehensive research on the development of understanding of probability and 
statistics. In their book, The Origin of the Idea of Chance (1951, translated into English in 1975), they presented details of their 
systematic clinical interviews with children.  
 
Piaget’s framework has also been used to guide research into pupils’ understanding of school subjects. Hart (1981) in 
mathematics, Hallam (1979) and Jurd (1978) in history, Thomas (1983) in economics, Shayer (1978) and Adey & Shayer (1994) 
in science, and Green (1983a, 1983b) in probability, have all been concerned with the way in which pupils understand ideas. 
However, the Piagetian model is no longer unchallenged. The literature contains examples of arguments that support, and those 
which are critical of the Piagetian model.  
 
Several attacks have been made on Piagetian theory. For example, the formal logic model used by Piaget has been questioned; 
the ‘stage’ model of cognitive development has been opposed; Piaget’ s focus on development versus learning has been 
challenged; and Piaget’s neglect of the social factors in pupils’ development has been criticized. Despite these criticisms, many 
researchers in science and mathematics have acknowledged the profound impact of Piaget’s remarkable body of work upon these 
fields. Erickson (2001) asserted that: “Piaget’s preference for a logical-mathematical description of the underlying structures of 
cognition, also made his work naturally attractive to mathematics and science educator” (pp.3, 4) 
 
Shayer (1978) and Adey & Shayer (1994) in earlier work were convinced of the validity and usefulness of the Piagetian construct 
of formal operations. Shayer argued that it is possible to redeem some of the theory by neglecting the idea of the ‘logical 
thinking’ construct used by Piaget. Also, Peel (1976) and Lunzer (1965) extended and adapted the model, but these extensions, 
unlike Shayer’s, have not been dependent on purely natural developments.  
 
2. Methodology 
 
The study used a method which exposed pupils’ underlying understanding and awareness of the meaning of statistical terms. The 
method relied on Shayer’s (1978) and Adey & Shayer’s (1994) adaptation of the Piagetian model and these were used to 
construct an array of statistics and probability tasks. The elaborated descriptions of behaviour provided by Piaget (1958; 1975) 
were used for assigning scores to responses for each task. 
 
Pupils were given seventeen items in problem solving format concerning several basic areas of statistics and probability, namely: 
uniform distribution, normal distribution, randomness, central measurements, sampling variation, sample distribution, two way 
tables, interpretation of graphical data, comparing probabilities, chance, correlation, correlation and causation. A reformulated 
Piagetian model was used to design tests involving these ideas. For each test item, pupils’ ways of reaching a solution were 
recorded in detailed individual protocols and their reasoning was matched directly or inferred against the Piagetian criteria and 
protocols described by Piaget (1958, 1975). The use of Piagetian model allowed test construction and scoring to be based on well 
established objective criteria rather than on a subjective perception of the logical structure of statistics and probability concepts.  
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A stratified random sample was obtained from middle and secondary schools. 100 pupils were interviewed individually during 
80 minute periods on ordinary school days. The interviews were documented by videotape, transcribed and viewed multiple 
times in an attempt to determine pupils’ understanding. An audiotape was replaced for some pupils who refused to be filmed 
during the interview. Two sets of information were formed. Individual answers were analyzed and grouped into categories. This 
set of information formed the basis for discussion of pupils’ ability to do the tasks and their modes of understanding. In addition, 
the answers were given grades, which, together with data on age, sex and general ability were processed into statistics. The 
purpose of obtaining a statistical set of information was to summarize a large number of values which measured the 
characteristics of individuals in the sample. Factor Analysis was carried out through SPSS in order to determine internal 
consistency and to explore the structure of the relationships between the 17 items. In addition an attempt was made to explore the 
effect of age, ability in mathematics and gender on pupils’ responses to each question of the experiments. 
 
2.1  The Test Items  
The Piagetian experiments described in Piaget (1975), the origin of the idea of chance in children, chapter two: centred 
distributions (normal curves) and uniform distributions were used as models for eight statistical tasks. In each case, several 
factors were involved and solutions required an analysis of the fact that the result of indefinite numbers of combination will 
result in compensations and the likely-hood of random mixtures.  
 
Question EXPND involved the concept of normal distribution; this item was originally used in the work of Piaget and Inhelder 
(1975). Question EXPUD was concerned with uniform distributions; it was drawn from the work of Piaget and Inhelder (1975) 
and the same type of task was also used in the research of Green (1988) to investigate children’s understanding of randomness. 
Questions EXPMCT1, EXPMCT2 and EXPMCT3 were designed to identify the measurement of central tendency (mean, mode, 
median), these items were borrowed and adapted from the literature (Liu, 1998) to indicate how statistical information is used in 
everyday life. The same task was also used by Garfield & Gal (1999) to assess statistical reasoning. Questions EXPSV and 
EXPISS were concerned with sampling variability, item EXPSV was adapted from Liu (1998) and Sundre (2003) to assess 
quantitative reasoning to enhance educational quality. Item EXPISS, the maternity- ward problem, was adapted from the work of 
Kahneman & Tversky (1972) to distinguish subjects who understand sampling variability from those who have a particular 
understanding of the law of small numbers. Question EXPIDG was designed to interpret graphical data. This item was inspired 
by the literature and written by the researcher. 
 
The Piagetian experiment described in Chapter 3 of Piaget (1975) was used as a model for one statistics task. Question EXPRDE 
were designed to identify the ability to relate random distribution via the experimental method, this item was adopted from the 
work which was originally used by Piaget and Inhelder (1975). 
 
The Piagetian experiment described in Piaget (1958), chapter fifteen- the conservation of motion in a horizontal plane and 
random variations and correlations - was used as a model for one statistics task. Item EXPRV was a task adapted from Inhelder 
and Piaget’s original work, to explain the conservation of motion in a horizontal plane and random variability. 
 
The Piagetian experiments described in Piaget (1958), chapter eight and fifteen to study the conservation of motion in a 
horizontal plane and random variations and correlations, were used as models for two statistics tasks. In each case, several factors 
were involved and solutions required the separation of variables in terms of all possible combinations. Question EXPC was 
borrowed from Piaget’s original work GLT (1958), question EXPCC was designed to distinguish between correlation and 
causation. This item was inspired by the literature, in particular Liu’s (1998) work. 
 
The Piagetian experiment described in Piaget (1964), chapter six on multiplicative classification was used as a model for one 
statistical task. In this case, the solution required cross classification. Question EXPTWTI was concerned with the interpretation 
of two way tables. This item was adapted from Liu (1998) to measure students’ ability to compute percentages rather than simply 
looking at frequencies in a two way table. 
 
The Piagetian experiment described in Piaget (1975), chapter six- the quantification of probability- was used as a model for one 
statistic task. Question EXPPR was designed to test understanding of probability as a ratio. This item is a Piagetian-type marble 
problem which was originally used in the work of Piaget and Inhelder (1975). The same type of task was also used in the 
research of Fischbein, Pampu, & Manzat (1970) and Green (1983). 
   
The Piagetian experiments described in Piaget (1975), chapters five and nine- the Random Drawing of Pairs and Operations 
Arrangement- were used as a model for two statistical tasks. Several factors were involved in each case and the solution required 
compensating in the case of large numbers. Question EXPRSP, with a random selection of pairs was borrowed from Piaget’s 
original work which was used in Piaget & Inhelder (1975). Question EXPCP was designed to compute probability. This item was 
inspired by the literature and written by the researcher.  
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The Piagetian experiment described in Piaget (1975), chapter eight -Operations of Permutation- was used as a model for one 
statistics task. In this case, the solution required finding the mechanisms of permutations in any mixture. Question EXPOCP was 
designed to measure understanding of chance. This item was adopted from Liu (1998) to assess statistical reasoning.  
 
Finally, while the development of the test items was in English, the tasks were translated into Arabic for application. The 
translated version was given to another two experts in Bahrain to check the accuracy of the translation from English into Arabic. 
The seventeen tasks designed by means of the process described above were subjected to a pilot procedure. 
 
3. Findings 
 
The findings of this study were based on the quantitative and qualitative data gathered from the respondents using a designed 
test. Surprisingly the results highlighted that there are particular mathematical requirements for groups of task. These are more 
generalized statistical requirements permeating a number of tasks which also contribute to success in completing the cluster of 
tasks. These are relative quantity and is reflected in the following cluster of items: EXPTWTI, EXPC, EXPMCT2, EXPPR, 
EXPOCP, EXPMCT1 and EXPNCT3, descriptive representational graphing and is reflected in the following cluster of items: 
EXPRV, EXPND, EXPSV, EXPIDG, EXPCP, and EXPUD and the relationship between the incidence of abnormal and 
normal events and is shown in the following cluster of items: EXPRSP, EXPRDE, EXPCC and EXPISS (see table2). 
 
The results of the present study, generated by the application of Piagetian criteria and protocols, attest to the power of the 
Piagetion model. At the same time, they reveal its limitations since further detailed analysis exposed three generic factors which 
could not be fully explained by Piaget’s model.  
 
The first general factor of relative quantity is reminiscent of Piaget’s relative frequency concept. However, it is also somewhat 
different, being a necessary prerequisite to the experience of the mathematical representations of relative frequency e.g. ratio, 
percentages. It appears that an ability to understand the significance of relative quantity is required before quantity is compared 
with quantity and it is here that situational and cultural factors may intervene. For example, the relatively good understanding 
demonstrated by the pupils in the dice (chance) and correlation problems could be explained in terms of the availability of simple 
local traditional games. Practicing these games involves comparing and estimating relative quantity and this may have facilitated 
pupils’ classroom facility with the test situations. This is a Vygotskian, rather than a Piagetian concept, one illustrated by 
Sutherland (1992) who argued that  
 
“the context in which it takes place must be taken into account in order to understand a specific example of a 
particular child’s behaviour. For instance, if the child is interpreting pictures in a book at home we need to look 
at the whole context of the reading situation. Is the parent helping? Is the TV a distraction? Are books common 
in the home? This specific context then needs to be seen within the overall culture. …Here Vygotsky has a 
powerful message for information processers in particular: the total context in which information is exchanged 
and understood needs to be taken into account.” (p.48)  
 
The second general factor, descriptive representational graphing, suggests that the nature and breadth of the experiences gained 
by pupils are of some significance in determining their statistical understanding. This criticism of the slavish adherence to the 
Piagetian model is well-established in the literature (Donaldson, 1978; Wason and Johnson-Laird, 1972), which clearly 
demonstrates that pupils’ thinking is dependent on whether or not they have the appropriate practical experience and/or language. 
In the present study this takes the form of experience of the two different functions of graphing, descriptive and functional, 
through previous mathematical learning. What pupils have been taught about graphs, that is, the content of their learning 
experiences in mathematics and other classrooms, is likely to be an important predictor of their success in these items. Pupils 
who have been guided and supported in their attempts at doing different types of graphing in various applications in the 
mathematics curriculum and in other subjects such as geography and science are likely to be empowered to utilize descriptive 
representational graphs independently of functional graphs.  
 
The third general factor is the relationship between the incidence of normal and abnormal events. And the evidence of this study 
suggests that it is strongly susceptible to cultural influences. Pupils’ different cultural experiences of the relationship of abnormal 
and normal events appear to influence their success in a number of statistics and probability tasks. This is in line with Lave’s 
(1988) argument that learning normally occurs as a function of the activity, context and culture in which it occurs.  
 
The effect of social surroundings on pupils’ understanding of the impact of the normal and abnormal was the subject of research 
by Lidster, Pereira-Mendoza, Watson , Collis & Mortiz (1995). In Chapter 5 pp.249-250 they focused on adolescents’ 
understanding of frequents probability (the frequency of a given outcome over an infinite number of repetitions of the event). 
The researchers found that some students, especially younger ones, answered according to their own intuition and egocentric 
beliefs suggesting that the way of rolling determines the result or that no unfair dice exist in the world. But they also found that 
most students in their study “were willing to accept that the die was fair in the face of strong evidence that the die was most 
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probably biased” (p.17). They explained this in two ways. One was that some students did not know how to make an unfair die, 
so they believed all dice were fair. The other was because of their experience of playing games. When they lost a dice game they 
were informed by their parents that the dice could come up with any result and it was still fair and acceptable (here parents 
determined the meaning of normality). In the present study, in another task involving chance, a majority of pupils suggested that 
it was unusual for the bar to stop at the same colour every time; they therefore suspected that there must be a factor affecting the 
outcome. These pupils identified the normal as random and looked for explanations of non-random, abnormal events. The results 
indicate that, in Bahrain, the cultural effect is reversed, pointing to the possible existence of a different, culturally generated 
definition of the normal/abnormal.  
 
The research attempted to measure the effect of age, mathematical ability and gender of the pupils on the level of the responses. 
It appears that there is no significant difference between girls and boys in their understanding of statistics and probability (see 
table3). Also, there are no significant differences across the various age groups of pupils (see table4). Mathematical ability, on 
the other hand, has an influence on pupils’ responses and understanding, the higher the mathematical ability of the pupils the 
higher the level of understanding of statistics and probability (see table5& graph1). This confirms the results of some previous 
studies (Bakum, cited in Reading 1996) while disconfirming others (Green 1982; Williams & Amir, 1995; Canizares & Batanero, 
1998; Yingkang, 2004). 
 
Table 1: Absolute and Relative Frequencies: 
Answers to the Test Items 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Experiments 
Cognitive concept in statistics and 
probability 
Score1 Score2 Score3 
EXPTWTI Two way tables interpretation 5.00 29.00 65.00 
EXPC Concept of correlations 11.00 42.00 47.00 
EXPMCT2 
Measures of central tendency (mean, 
median, mode) 
29.00 16.00 55.00 
EXPPR                  Probability 15.00 25.00 60.00 
EXPOCP Chance 21.00 34.00 45.00 
EXPMCT1 
Measures of central tendency (mean, 
median, mode) 
23.00 16.00 61.00 
EXPMCT3 
Measures of central tendency (mean, 
median, mode) 
16.00 27.00 57.00 
EXPRV Random variation  1.00 40.00 59.00 
EXPND Concept of normal distribution (bell curve) 3.00 31.00 66.00 
EXPSV Sampling variability 20.00 51.00 29.00 
EXPIDG Interpreting data of graph 24.00 31.00 45.00 
EXPCP Compute probability 2.00 34.00 64.00 
EXPUD Concept of uniform distribution 12.00 26.00 62.00 
EXPRSP Random selections of pairs 3.00 23.00 74.00 
EXPRDE 
Random distribution vs. experimental 
method 
3.00 24.00 73.00 
EXPCC 
Distinguishing between correlation and 
causation 
17.00 36.00 47.00 
EXPISS Importance of the size of sample 31.00 27.00 42.00 
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Table2: Rotated Component Matrix on Items 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3: Mean: Gender 
 
Gender N Mean Rank 
1= Boys 50 51.80 
2= Girls 50 49.20 
Total 100  
 
Table 4: Mean: Age at Interview 
 
 
 
 
 
 
 
 
 
 
 
Table 5: Mean: Mathematical Ability 
 
Ability N Mean Rank 
1=C 30 40.73 
2=B 30 47.10 
3=A 40 60.38 
Total 100  
Component 
 1 2 3 
EXPTWTI .572   
EXPC .550   
EXPMCT2 .525   
EXPPR .485   
EXPOCP .471   
EXPMCT1 .431   
EXPMCT3 .384   
EXPRV  .665  
EXPND  .603  
EXPSV .434 -.566  
EXPIDG  -.529  
EXPCP  .448  
EXPUD  .446  
EXPRSP   .737 
EXPRDE   .554 
EXPCC   .538 
EXPISS   .437 
Age N Mean Rank 
1=12-13 20 58.35 
1=13-14 20 44.42 
3=14-15 20 51.42 
4=15-16 20 49.63 
5=16-17 20 48.67 
Total 100  
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Graph 1:The mean of all experiment and the pupils’  
mathematical ability 
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4. Conclusion 
 
According to Piaget’s criteria and the literature on mathematics and other subjects, pupils in Bahrain, in relative terms perform 
very well (see table1). The seventeen items had its own particular mathematical requirements and in order to deal with the items, 
pupils were required to be familiar with specific and identifiable mathematical concepts and tools.   
 
Pupils’ understanding of statistics and probability was related to three statistical requirements, relative quantity, descriptive 
representational graphing and the relationship between incidence of abnormal and normal events, in addition to particular 
mathematical requirements. In relation to pupils’ understanding, the results obtained from the study reflected the initial focus on 
pupils’ minds. However, the detailed analysis undertaken revealed the challenges inherent in tasks and concepts. This study 
therefore contributes to the articulation of Piaget’s model which is concerned with the developing nature of the pupil’s mind and 
also to Feldman’s (1980) model by identifying the structure that seems to exist in the statistics and probability body of the 
knowledge. Initially the scope of the study was purposely limited and predefined, leading to the use of a Piagetian-based method 
and individual interviews with the participants. Piaget & Inhelder’s commitment to their meta theory, which was immensely 
useful in generating tasks and protocols for other researchers to use, meant that they were less interested in the curricular (and 
pedagogic) aspects of learning and therefore were less interested in exploring the nature of the tasks themselves as a source of 
difficulty for pupils.  
 
Feldman (1980) argues that cognitive stages or levels of cognitive skill exist within a particular domain of knowledge rather than 
within the mind of an individual. He says in relation to engagement of task that:  
 
“The concept of engagement is intended to capture the intensity of the relationship that should exist between student and subject 
matter; it demands that the final arbiter of an educational decision is the enthusiasm, commitment, and productiveness of the 
child at his work. Thus, educators might in the future become detectives, sleuths who, armed with knowledge of the structure and 
levels of various fields, search for activities that engage the energies of the child and lead to sustained effort”. (Feldman, 1980, p. 
167)  The conclusions resulting from this exploration of the nature of the three general concepts are tentative and require 
corroboration through further research studies. On the basis of this study, however, it is possible to argue that the social and 
cultural theories of Vygotsky and Lave are helpful in providing explanations of at least some aspects of the development of 
statistical understanding. 
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